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Applicant respectfully petitions to have U.S. Serial No. 08/162,420 Withdrawn from 
Issue pursuant to 37 C.F.R. §1.3 13(b)(5). Hie Assignee of the presetit invention recently 
(after June 10, 1994, the date of allowance) has learned of prior art patent, U.S. Patent No. 
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4 i 332 i 297 (a copy of which is attached as Exhibit A) when passing on the allowability of this 
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this advertisement is attached as Exhibit B. Assignee also requests the Office to consider 
this advertisement. The Assignee understands that the application currently is in the Draft 
Branchy and no issue date has been assigned. The fee for this Petition may be charged to 
Deposit Account No. 15-0697 of David Ostfeld, P.C. 
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Customer: 

Please tear off this stub and keep it for reference when 
depositing prepaid Express Mail Next Day Service shipments 
in Express Mail col lection boxes or when giving prepaid Express 
Mail Next Day Service shipments to Postal Service personnel. 
Affix the remainin g -la bel set to your shipment. DO NOT 
REMOVE THE CUSTOMER COPY, it will be completed and 
mailed back to you. For reference, write on this stub the date 
that the shipment was mailed and initial the stub (if deposited 
in an Express Mali collection box). Deadlines for deposit for next 
day deirvery differ according to destination, lb ensure next day 
: deirvery consuft your local Express Mail directory. 

'RIVACY ACT ; Your name and address may be used by the 
'ostal Service to send you updated information about Express 
tail service. You may request removal of your name and 
ddress from our mailing list by writing Assistant Postmaster 
roheral, Marketing Department, USPS. Washington, DC 
0260,6300. Authority: 30 U.S.C, 401, 403, 404. 
dditional information on Express Mail Service can be obtained 
^Pg^ or by writing USPS Headquarters. Washington. 
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Service Guarantee: 

ff this shipment is mailed at designated USPS Express Mail service facilities 
on or before the specified deposit time for overnight delivery to the addressee, ' 
it will be delivered to the addressee or agent before. noon or 3:00 p.m. the next 
day. Upon application by the mailer, the USPS will refund the postage for this 
shipment if it is not delivered before noon or 3:00.p;m. of the next day. unless 
delivery was attempted, but could not be made,, or because this shipment was 
delayed by strike or work stoppage- Consult your local Express Mait directory : 
for morning and afternoon delivery areas. See the Domestic Mall. Manual. 
Chapter 2, for details. Signature of the addressee.- addressee's agent, or delivery 
employee Is required upon delivery. 

Express Mail international Service mailings .are not covered by -this service 
guarantee Seethe International Mail Manual for details. 



Insurance Coverage: 
(See Section 295 of the Domestic Mall Manual for exclusions of coverage; sac r* 
as negotiable rcems and consequential loss.) 

(1) Merchandise Insurance. Merchandise is insured against loss; damage or 
rifling up to a maximum of $500. Indemnity win not. be paid for spoilage of ■ 
perishable items. 

(2) Document Rooonsiruciion Insurance. Non-n&gbtlabte documents are insured 
against rose, damage or rifling up to $50,000 per piece subject 'to a rimitof 
$500,000 per occurrence. 

(3) The maximum indemnity payable for negotiable. hems, cash, currency, or 
bullion is $1£ • 



Claims: 

(i) Claims for delay, loss, damage or rifling must be made within S* 1 * 
Claim forms may be obtained and filed at any post office. 
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[57] ABSTRACT 

A controller and method for controlling the operation, 
of electrically powered pool related apparatus in recre- 
ational pool system, and more particularly for control- 
ling the flow of pool water through the pool system and 
watcrconditkmiqg apparatus, is disclosed. The control- 
ler includes a logic circuit formed with a plurality of 
logic gates coupled to pool-water^ensing apparatus and - 
programmable input apparatus in accordance with a 
predetermined logic sequence. The pool system in- 
cludes a swimming pool and spa, and the pool-water- 
conditioning apparatus includes a solar water heater 
and a non^olar water heater. The controller is capable 
of preferential solar hearing and of temperature- 
switched operation, time-switched operation and . a 
combination thereof, as well as manual switching. 

29 Claims, 6 Drawing figures 
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CONTROLLER AND CONTROL METHOD FOR A 
. POOL SYSTEM 

PAQKGROUND OF THE INVENTION 
The recreational pool industry has experienced two 
dramatic trends thai have affected the industry in a 
pervasive manner. First, the energy crisis has hastened 
the development of solar energy water-heating appara- 
tus, and- today- there are numerous ^solar-energy-based 
systems' which are quite practical and in widespread use 
bo connection with heating pool water. The second 
recent phenomenon is the widespread popularity of spas 
or hot tubes, wHich are instated and used "alone or in 
conjunction witH. swimming pools. 

"jTie energy crisis and the increased interest in. and the 
popularity of spas .inn^rcntly pose -some degree of con* 
fixct. Spas, normal Iy operate at water, temperatures in 
excess of 90* F: and typically include water Jets or the 
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fail* however, the gas heater will still be operating, with 
a disastrous effect. 

In terms of energy savings, "dumb" timers or control- 
lers can only roughly attempt to achieve some economy 
in the use of energy. Solar panels can be set to operate 
during the time of day when solar energy is most likely 
to' be available, filters can be set to function at night . 
when the demand and cost of energy are lowest, and 
spas'can be heated only in the late afternoon and eve- 
ning, when they arc. most generally used. Such timing of 
pool water-conditioning functions, however, only ap- 
proximates the optimum energy, usage for the pool sys- 
tem, and the day-to-day climatic variations which o c c u r 
will result in a need for constant supervision of the 
control functions or inefficient energy use, or both. 

The ability to truly attain -an energy-efficient recre- 
ational .pool system requires a controller that not only 
can perform timed sequencing of water-conditioning 
functions, but can also sense the need- for. these funic- 



like for circulation of the water- and. for hydromassage. 20 ■- tions, sense the operation of the equipment during per 
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Both increased water temperature .and water circulation 
require the use of energy. By contrast, however, a spa is 
a much smaller body of water than a swimming pool, 
making the- total heat required less and the -ability ' to 
conserve heat by covering the shialler pool of water is 
more . practical.' : * *■'* " * ■* 

''One' area hi which; efforts to conserve energy- have 
been largely overlooked has been in - connection -with 
control apparatus for controlling the operating condi- 
tions of the water in -a pool * system- .Uf-S.;: Pat No. 
3,991,742 discloses.a swimming pool system which em- 
ploys both a gas heater and a : solar heater. The swim* 
mxng pool -filter pump is used, to pump water to: either 
the solar heater -or the gas heater and -subsequently to 
return the water to' the pool. The thrust of U.S . Pat: No. 
3,991,742 is directed to the construction of the solar 
heating- apparatus or panels,* not a system- or.. apparatus 
for controlling the flow, of pool water as between; the 
solar panels and the gas heater. ■ • 

In the system of U.S. PaL JNo. 3,991,742, the flow of 40 
waters is controlled by gate' valves that are manually 
operated. In. practice most pool. water, heating systems 
that include solar and gas. heating arc either, manually 
controlled or prov^ed with a/simple timer that controls . 
a plurality -of valves/ Thus, the filter puxhp can be .45 
switched, off and on by the timer, and the gate valves 
can Jbe operated by. solenoids and coupled to the timer. 
Such .ycpnttolling^ of the,heaters and other water-con- 
ditioning apparatus in .recreational pool systems; there- 
fore, lias. been . relatively crude and largely based upon 
user convenience rather than .any attempt at providing' 
energy efficiency. «.*• :,'.■■■ 

. The control, timers, which have previously been used. 
with.iWrtta:UoMl ^ol systems have also .generally been 
'/dosnb? controllers in that timing functions proceeded 
indepe^ently.and without any feedback as to operating 
conditions 1 in the pool .system or .the functioning or . 
failure to function. of the o^er. waW'condiuoning appa- 
ratus. Mechanical timers will turn on a filter pump and 
thereby pump pool water into a solar panel located on 60 
the roof -of a building for* pre -set time period,, e.g., four 
hours, in the middle of the day. If.- however,'thc solar 
panel lias .developed a substantial leak, 'the timer will 
cause the piimp to proceed for four hours to empty the 
pool by pumping water into the leaking solar, panel. 65 

Similarly,; when ."dumb** controllers' are" used, one. 
. tunrng/fonctioVmay 'turn on the ,gas" heater, while an- 
' other turns on ithe" filter pump.; If the filter puriip should 



50 



55 



formancc of the functions, and preferably, can effect 
temperature switching as well as timed switching of the 
water-conditioning functions. Moreover, the ability to 
sense operation of the pool water-conditioning appara- 
tus and to m 0 *™* control decisions based upon the opera- 
tion of such apparatus allows' the controller to protect 
the system against ''mindless*' continued operation that 
can eventually destroy or endanger the apparatus: 

U.S. Pat. No. 3,906,928 discloses a solar-heater con- 
trol system in which a limited attempt has been made to 
provide some feedback into a solar pool-heating system. 
In this patent, a solar-heat sensor Is placed proximate 
the solar panels and is used to control the flow of water 
to the solar panels. While providing some im pr ov em ent 
over a manual or time -switched system, the apparatus 
and method of U.S. Pat. No. 3,906,928 is relatively 
simplistic and inherently limited in its control functions. 

A somewhat more complex control system for a rec- 
reational pool is shown in U.S. Pat. No. 3,809,116. In 
this system a controller is provided to maintain the 
liquid level in the pool within a given range. The system 
includes timed, demand and manual modes of operation, 
but basically the controller is provided by a relatively 
simple clock mechanism and a plurality of sensors in the 
form of switches that will override the clock mecha- . 
nism. Still further, for most recreational pools the prob- 
lem of, when to add water, pales by comparison to the 
water-heating and filtration, problems. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

A. Objects of the Invention 

Accordingly, it is a object of the present invention to 
provide a controller for recreational pool systems 
which will enable enhanced efficiency in the use of 
energy in the operation of pool water-conditioning 
apparatus. 

Another object of the present invention is to provide 
a controller and a method of controlling recreational 
pool systems which are capable of controlling electri- 
cally powered, pool-related apparatus based upon a 
combination of programmed input and actual operating 
conditions in the pool system. 

Another object of the present invention is to provide 
a controller for recreational pool systems which is capa- 
ble of. interrelating the operation of pool water-condi- 
tioning apparatus as between a multiplicity of pools* 
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Still a further object of the present invention is to 
provide a controller for recreational pool systems 
which is capable of time-based and/or temperature- 
based operation of the pool water-heating apparatus. 

Still another object of the present invention is to 
provide a controller for a recreational pool system 
which will protect the pool water-conditioning appara- 
tus against destructive continued operation. 

Another object of the present invention is to provide 
a controller for a recreational pool system which can be 
installed a* original equipment or integrated into exist- 
ing pool systems. . 

Still another object of the present invention is to 
provide a controller for a; recreational pool system ca- 
pable of operation of a multiplicity of pool water-condi- 
tioning apparatus ' on an independent, interrelated, or 
preferential basis! 

Another object of the present invention is to provide 
a controller for a recreational pool system which is 
capable of sophisticated and complex control functions 
and yet is reliable and failsafe in its operation. 

Another object of the present invention is to provide 
a controller for a recreational pool system which is 
relatively inexpensive to construct and install, provides 25 
greatly increased flexibility of operation, and c an be 
readily adapted for control of a wide variety of different 
pool system configurations. 

The controller and method of controlling recre- 
ational pool systems of the present invention has other 
objects and features of advantage which are set forth in 
more detail in the following description of the preferred 
embodiment or will be apparent from the accompany- 
ing drawing- - . 

8: Summary of the Invention 
The recreational pool system controller of the pres- 
ent invention includes a. plurality of sensing apparatus 
formed and positioned to sense conditions in the pool 
system* actuating means formed and coupled to electri- 
cally powered apparatus, such as water-conditioning 
apparatus, for actuation of the same, and programmable 
input means formed for receipt and storac of time se- 
quence input- and temperature input and formed to pro- 45 
dace logic signals based upon such input. The controller 
also includes a circuit coupling the sensing apparatus, 
actuating means and input means together for control of 
the operating parameter* of the pool system* and the 
improvement m the controller of the present invention 
is comprised; briefly, of providing the circuit as a logic 
circuit formed with a plurality of logic gates coupl ed to 
logic conversion means formed to convert signals from 
the sensing apparatus and the input means and formed 5J 
to drive said actuating means only upon the existence of 
a sequence of pred ete rm in ed logic states in the logic 
circuit. In the improved controller f ee dback from sens- 
ing apparatus in the pool system is combined by logic 
gates with input from the user of the controller to con- 
trol such functions such as pumping, valve operation, 
solar water heating, non-solar water heating, filtration, 
spa operation, pool sweep operation, and hydromas- 
sage. The ability, to program these functions with the 
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DESCRIPTION OF THE DRAWING 
FIO. 1 is a hydraulic and electrical schematic repre- 
sentation of a recreational pool system having a control- 
ler constructed in accordance with the present inven- 
tion. _ 
FIG, 2 is a key diagram interrelating the portions of 
a block diagram for a controller constructed .in accor- 
dance with the present invention. 

FIG. 3 is a block diagram of a temperature input 
portion of the controller of the present invention. 

FIG. 4 is a block diagram of a temperature logic 
portion of the controller of the present invention. 

FIG. 5 is a block ftitigr°™ of a timing portion of the 
controller of the present invention. 

FIG. € is a block diagram of a hydromassage portion 
of the controller of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Fool System 

The controller of the present invention can be advan- 
tageously employed to control the operating conditions 
of a pool system having a single pool, such as a swim- 
tning pool or a hot tube, but the many advantages of the 
present controller are best illustrated by a recreational 
pool system having a plurality of pools. As shown hi 
FIG. 1, a spa 21 is installed in a position closely adjacent 
to a conventional swimming pool 22. 

As is common for most pool systems, the pool system 
of FIO. 1 includes a variety of electrically powered, 
pool water-conditioning apparatus formed to heat, fil- 
ter, agitate, clean and aerate the pool water. Addition- 
ally, other electrically powered apparatus may be em- 
ployed in the pool system, such as lights around and in 
the pool and/or spa. Hydraulic circuit means; generally 
designated 24 and shown in FIG. 1 as relatively thick 
solid lines, couples the various water-conditioning ap» 
'paratus for spa 21 and pool 22 for the flow of pool water 
through the water-conditioning apparatus in accor- 
dance with commands from controller means 26, which 
in the preferred form is electrically coupled by conduc- 
tor means, generally designated 23 and shown ift FIG. 1 
by relatively thin lines, to the pool water<?Onditioning 
apparatus. . 

As used herein, the expression "pool'* shall include 
swimming pools, spas, hot tubs or other recreational 
pools of water. The expression "pool water" shall simi- 
t larly mean water that is circulating in the pool system, 
whether or not it is directed to or from the swim min g 
pool, spa, hot tnb or the like. Moreover, as used herein 
the expressions "pool related, conditioning apparatus" 
and "conditioning apparatus" shall include apparatus 
for heating and filtering the pool water and shall further 
include electrically powered or actuated pumping appa- 
ratus, valves, lighting, apparatus to aerate the pool 
water and apparatus to clean the pooL - 

Hydraulic Circuit 
In the pool system of FIG- 1, a conventional swim- 
ming pool filter 27. together with its filter pump 28, are 
coupled by conduit 29 to an intake valve 31. Extending 
from valve 31 is a first conduit 32, that term mates in 
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controller on a timed- or temperature-switched basis 65 intake inlet 33 in swimming pool 22, and a second con- 
enables the pool system to maximize the use of available dull 34, which terminates m intake 36 located in spa 21. 
solar energy and minimize the use of non-solar energy The intake valve 31, therefore, ^J~3^^^ ; *™£ 
for both heating and filtration. pump 28 will withdraw water selectively from either 
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the spa or the swimming pool and pump the same into 
filter 27 lor filtration purposes. 

After filtration, the pool water passes through check 
valve 37 in conduit 38 to valve 39. The swimming pool 
system of the present invention is provided with solar 
water-heating apparatus, such as solar panels 41, and 
non-solar water-heating apparatus, such as gas heater 
42. Accordingly, valve 39 is coupled to conduit 43 for 
flow of water to solar panels 41 and is also coupled to 
conduit 44 for the flow of water to gas heater 42. The 
return of pool water from solar panels 41 is provided by 
conduit 46 that preferably Joins conduit 44 in advance 
of gas heater 42 so that both solar and non-solar water 
heating can be employed in series if desired. 

In order to purge air flow from solar panels 41. which 
air would reduce panel : efliciency if trapped in tlie pan- 
els, conduit 43 is coupled to a lower side 40 of the panels 
while outlet conduit 46 is coupled to an upper side 5S of 
panels 41. As water is introduced into the panels, water 
and. air rise to outlet conduit 46, and the panels are 
purged of air for maximum heat transfer to the pool 
water. 

When the flow of pool water to panels 41 is termi- 
nated, for example by switching valve 39 (also referred 2J - 
to as the "solar valve") for the flow of water to gas 
heater 42; vacuum release 60 permits air to enter the 
panels, and water will drain, down through conduit 43 
to conduit 50. Drain-down check valve 45 permits the 
flow of water through conduit 50 and back through 33 
filter pump 28 to the pool or spa- If. pump 28 is operat- 
ing, the pool water draining from panels 41 will be 
pumped into the filter and to gas heater 42. 

In order to control the return flow of pool water as 
between spa 21 and pool 22, return valve 47 is coupled 35 
to conduit 48 from gas heater 42 and is further coupled 
to return conduit 49 for spa 21 and to return conduit 51 
for pool i2- By selection of the position of intake valve 
31 and return valve 47, therefore, it is possible to. filter 
and heat water in either the swimming pool or the spa. .40 

Moreover,. valves 31 and 47 can be operated so as to 
empty the spa. into the swimming pool for cleaning of 
the spa* and. to refill the spa from the swimming pool. 



torn of swimming pool 22 so as to move sediment to the 
main drain. 

As thus described, the various components of the 
hydraulic circuit of the pool system of the present in- 
vention are conventionally formed and do not by them- 
selves constitute ft novel portion of the present appara- 
tus or method. Moreover, alternate hydraulic circuits 
employing the same and/or supplementary pool water- 
conditioning apparatus and lighting apparatus can b e 
employed with the controller and method of the present 
invention. 



Control Preferences and Parameters 
Prior to setting forth the details of construction and 
operation of the controller and method of the present 
invention, some of the typical or most frequently de- 
sired pool system operating preferences and parameter 
can be described. 

1. Solar Heating Preference 
For virtually all recreational pool systems having a 
solar heating capability, solar heating, when possible, 
will be preferred to non-solar (usually gas or electric) 
heating. .Obviously, solar heating preference will tend 
to minimize the cost of energy for the pool , system. 
While solar heating preference will normally be desir- 
able, the controller should also have the capability' of 
permitting gas' heating instead of or in addition to solar 
heating. 

2. Pool or Spa Preference 
"The individual users of multiple pool systems may 
have a preference between pool 22 and spa 21 as tb 
which body of water is heated first. This is particularly 
true when solar heating is also preferred. Some users, 
for example, prefer to solar heat the pool and gas heat 
the spa, if necessary. Others may use their spa more than 
their pool and prefer spa healing to pool heating. 

• 3, Temperature Controlling 
The operating temperature of the various bodies of 
water comprising .the recreational pool system can vary 
according to the. time and purpose for which they are 



Valves 31. 39 and 47 can advantageously be provided - — - • . . m M-umA 

by valves constructed in accordance with U.S. Pal. No. 45 Spas will normally be orated atan ^^d 

3 93^553. temperature as compared to swimming pools. Neither 

* Hydraulic circuit 24 further preferably includes a 
hydromassage circuit in which there is an intake con- 
duit 52 having an inlet opening 53. Conduit 52 is con- 



the spa nor pool will see much use during the late night 
hours. Moreover, a lower temperature may be accept- 
able if non-solar heating is required while a higher. 



nected to h^massa^ Wjet pump 54, and the jet 50 more comfortabl^mperature maybe pref^ if solar 
• ^ - • - — * heating can be used. In any event, operation of the pool 

system in accordance with pre-set tem pera ture criteria 
may be more important than operation in accordance 
with pre-set time criteria. 

4. Switching of Spa and Pool Heating 
It is desirable to be able to effect switching of pool 
water heating from pool to spa, or vice versa, upon a 
temperatures basis, a timed basis and manually. Which 
60 is preferred can vary according to pool and spa use and 
solar energy availability. Thus, if solar energy is more 
than ample to heat both the pool and spa, and spa u se ts 
only at the end of the day. the user may employ temper- 
ature switching with pool preference. If solar heating is 



pump returns the pool water through conduit 56. A 
manifold having a plurality of hydromassage heads 57 is 
connected to conduit 56, and an air intake 58 that con be 
adjusted so as to vary the amount of air that is injected 
at the hydromassage heads is also provided. Addition- 55 
ally or alternatively, blower 30 having air intake 25 can 
be coupled by conduit 35 to an air discharge manifold 
20 to provide water agitation in- spa 21. The construc- 
tion and operation of the hydromassage circuit is con- 
ventional and well-known in the recreational pool in- 
dustry. 

Finally, the hydraulic circuit of the pool, system of 
HQ. 1 includes a conduit 59 downstream of return 
valve 47 which leads to a pool sweep pump 61, a return 



conduit 62 and pool sweep apparatus 63. The pool 65 not sufficient or the spa is to be ^^£^^* a * 
sweep apparatus is of the type conventionally available timed switcming—possibly with gas heatmg— may be 
on the market and functions to discharge pool water employed. At any time manual override may be neces- 
from the flexible arms 64 as they sweep along the bot- sary to provide complete flexibility. 
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As will be seen, therefore, various combinations of 
solar and gas beating, spa or pool preference, and tem- 
perature or timed switching are highly desirable to 
enable maximum energy efficiency for the particular 
use patterns of each individual pool system owner.. 

Controller Means 
The operation of the various electrically powered, 
pool-related apparatus described in the hydraulic circuit 
is controlled by controller means. As' used herein, the 
expression "controller means*' shall include not only the 
circuitry controlling switching and tuning, but also the 
sensing apparatus, actuating means and input means. 
The sensing apparatus and the actuating means are 



10 



3. Input Means 

The controller means of the present invention in- 
cludes a variety of input means.. Such input means in- 
cludes a programmable timer which is capable of logic 
signal input to the controller logic, circuit and which 
can be programmed or set by the user to input signals to 
the logic circuit during a plurality of desired time inter- 
vals. Additionally, input means includes temperature 
setting input .apparatus for the spa . and pool, and pool 
filtration setting apparatus. . 

Logic Qrcuit 

As above described, the pool system, the water-con- 



both connected by ^cctrical conductors 23 to central 15 ditioning apparatus and the sensing and actuating de- 



controller 26, and the controller preferably further in- 
cludes programmable and other Input means formed for 
receipt and storage of time sequence and temperature 
input and further formed. to produce timing-based and 
temperatur^based signals as a result of such input. 

1. Sensing Apparatus 

As can be seen in FIG. 1, a plurality of sensing appa- 
ratus are positioned to sense conditions in the pool sys- 
tem and are formed to produce a signal in response: to 25 
these conditions. Thus, a solar temperature sensor 66 is . 
positioned proximate solar panels 41, a water flow sen- 
sor 67 is positioned in the hydraulic circuit downstream 
of the solar panels to sense the flow of water from the 
solar panels, a pool water temperature sensor 68 is posi- 
tioned to sense water temperature in pool 22, a second 
water temperature sensor 70 is positioned m spa 21 to 
sense the pool water temperature in the spa, and a water 
flow sensor 69 is positioned to sense the flow of water 
from pool sweep pump 61 back to the pool. Other sens* 
ing apparatus, can be. provided, for example, a flow 
sensor (not shown) in hydromassage return conduit 56. 
and a water temperature sensor downstream of the solar 
heater (to sense the increase in water temperature dur- 
ing solar heating).: 

As is descr i bed hereinafter in detail, the controller 
means of the present invention includes a logic circuit 
that effects control of the various electrically powered, 
pool-related apparatus. The sensing apparatus forming a 



vices are more complex and sophisticated in nature than 
would be conventionally found in prior recreational 
pool systems. To the extent even portions of such equip- 
ment can be found m prior pool systems, they have been 
20 operated by -dumb" controllers which are essentially 
clock or timing mechanisms used to switch the equip- 
ment on or off with little or no regard 'to actual pool 
operating conditions or the functioning or failure to 
function of other equipment, in the system. 

The improved controller means of the present mvcxir 
tion not only is capable of control and operation of the 
relatively complex and sophisticated pool system above 
set forth, but utilizes, input and feedback from the pool 
system and the electrically powered, pool-related 
30 equipment to determine the manner in which the pool 
equipment is o pera ted. 

In the improved controller means of the present in- 
vention a logic circuit is provided and couples the sens- 
ing apparatus, actuating means and programmable input 
35 means together for operation of the electrically pow- 
ered, pool related apparatus. The logic circuit is formed, 
with a plurality of logic gates which require predeter- 
mined combinations of logic states to actuate the pool 
equipment. Thus, the logic circuit requires various com- 
40 binations of logic state which depend upon events as 
sensed by the sensing apparatus or programmed by the 
input means before the various ' water-conditioning 
equipment is operated or shut down. F ee d b ack from the 
pool system is thereby combined' with input from the 



portion of the controller -me^rm must be formed to pro- 45 user to produce maximum energy efficiency, to protect 



duos a logic signal input to the logic circuit or be cou- 
pled to signal conversion means that will produce a 
logic signal -input. Temperature sensors 66* 68 and 70 
are coupled to converters and comparators which con- 



the equipment from self-destructive operation, and to 
maximize the flexibility with which the pool owner may 
operate the pool system. 

The logic circuit of the controller means of the pres- 



vcrt the temperature to logic signals, in a manner 50 ent invention can best be understood by reference to 



which will also be more fully described. Flow sensors 
67 and 69 produce a logic input signal and may be di- 
rectly coupled to the logic circuit. 

2. Actuating Means 

The controller .means of the present invention further 
includes actuating means formed and coupled to the 
electrically powered, pool-related apparatus for actua- 
tion of the same. In the case of pumps 28, 54 and 61, 
actuating means in the form of power relays 71 that are 
coupled by drive circuits to the logic circuit of the 
controller are provided. Valves 31, 39 and 47 are actu- 
ated by valve operators 72, 73 and 74, respectively, 
which are coupled to the logic circuit through drive 



FIGS. 2 through 6. The logic circuitry for the control- 
. ler has been divided into four positions, primarily for 
ease of illustration in the drawings. Thus, as is shown in 
FIO. 2, the logic circuit includes a *Temperaturc Input 
55 Portion," generally designated 80 and shown in detail in 
FIG. 3; a "Temperature Logic Portion," generally des- 
ignated 81 and shown in detail in FIG. 4; a '"Timing 
Portion," generally designated 82 and shown in FIG. 5; 
and a ''Hydromassage Portion." generally de signa ted 
60 83 and shown in FIG. 6. As will be seen from FIGS. 2 
through 6, these various portions are interconnected at 
the common connections 84, and all three portions func- 
tion together as an integrated unit. 



In the broadest aspect, the logic circuit need not be 
circuits. Additionally, it is preferable to provide the 65 electrically based. A pneumatic logic circuit, for exam- 
solar panel 41 with a drain valve 76, which is also actu- pie, can -be employed in the controller of the present 
ated by valve operator 77 and drive circuit coupled to invention. It is preferable, however, to use an electrical 
the logic circuit. . * logic circuit, and the details of construction of a typical 
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logic circuit suitable for use* with the controller of the . 
present invention-is hereafter described. 

1, Temperature Input 

As may be seen In FtG.l, sOlar<emper~*ture sensor 
66 is positioned proximate solar panels 41, and pool 
water temperature sensor 68 is positioned in conduit 
means 32 in advance of mtakc valve' 31, while'tempera- 
tore sensor W is positioned in .spa ZL Both the solar 
temperature sensor and the water t empera ture sensors 
are preferably provided; as current-based, solid, state, 
linear "t e m pera ture sensor-trarisrmtters (non^ermistor 
type): The output of such temperature sensors would 
not normally be a logic signal, but all three sensors are 
coupled to converter; means' to provide a logic, .state 
input to the logib circuit. Thus, current-to-voltage con- 
vertcrs -are provided so that the signal from the temper- 
ature sensors will be converted to a voltage-based signal 
and -can be passed to voltage-based comparators, which 
in turn produce digital logic outputs to the logic circuit 20 
of the present invention. - *"■".• 

Additionally /all three temperature sensors should be 
provided with calibration means,* and the calibration - 
and converter- apparatus are schematically-illustrated in- ~ 
FIG. 3 by a single block at 86 for the solar temperature 15 
sensor and at 87 for the pool water temperature sensor, . 
and at 85 for the spa water temperature sensor; although' 
it will be understood that .calibration, and conversion are 
two separate functions. It is preferable, although not 
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In a similar manner solar sensor 66 an spa water tern* 
perature sensor 70 are coupled to spa-solar comparator 
101, which will input AND gate 139 (FIG- 4) with a 
logic 1 signal through conductor 79 when the solar 
temperature is greater than the water temperature in the 
spa. 

The recreational pool user win want to input the 
controller as to the desired operating temperatures for 
both* the spa and the swimming .pool. The input means 
of the controller means of the present invention, there- 
fore, includes apparatus for setting or inputting the 
controller as to the temperature level of the water in. 
swimming, pool 22 and in spa 21. This can be accom- 
plished by providing the input means, in part, as temper* 
.ature-eetting apparatus 98, 99 and 100, which are cou- 
pled to comparators 95, 96 and 97, respectively. Com- 
parators 95 and 97 are further connected to common 
conductor 102 from temperature sensor 68 for the pool 
water temperature so as to enable comparison of the 
water temperature in pool 22 with the p re g et tempera- 
tures input to the controller through setting apparatus 
98 and 100. 

As shown in FIG. 3, the comparator 95 compares the 
water temp e rature in the pool with the user's input or 
setting for the desired water temperature to which the 
swimming pool should be heated with solar hearing. 
Comparator. 97 compares the water temperature in the 
pool to a setting for the swimming pool water tempera- 
ture' when gas heating is em p l oyed and provides .a logic 



reamredL that the . controller; .of the present invention 30 output to AND gate HO through conductor 9a Com- 



include the temperature-reading means 88 which- can be 
selectively switched by switch 89 so as. to enable read- 
ing at the. controller of t!he solar t emper ature, the- spa 
water temperature or the pool water.- temperature, A 
digital display of the .temperature can also .be provided. 

Solar te mpera ture sensor 66 -.provides a temperature 
reading which .is a combination. of ambient and radiant 
energy. During the day, solar sensor 66, which is posi- 
tioned in ;the sun light, reads the availability of radiant 



parator 96 is input by spa temperature setting device 99 
and spa water temperature sensor 70 (by conductor 
105), and comparator 96 provides a logic 1 output to 
AND gate 136 (FIG- 4) through conductor 78 when the 
33 spa water is at a temperature below the input setting- 
All of the input setting devices 98, 99 and 100 set 
ceilings to which water will be heated; The setting at 
input device 100 will normally act as the minimum 
temperature at which, the user wishes to maintain the 



energy. At night "the solar sensor senses the ambient 40 swimming pool. A typical setting might be 78* F. The 

tcnTOerature to provide a freeze-protcct function, as input device 98, by contrast, would be set at a higher 

more fully set forth hereinafter. level, namely, a level at which the user would like to 

The provision of both pool temperature sensor 68 and have the swimming pool heated if such heating can be 

spa temperature $ensor..70 .is used to. prevent endless accomplished through the use of the solar-heating appa- 

temoerarure cycling or switching of valve 31, which 45 rams. Thus, the setting of input device 98 might be 85* 

? • _ > . . • . W » & -~*-*.mm-m~~. mm mtll .hmiaIIu Vh* ***** *"r% Wa 



could occur if a signal sensor were provided in conduit 

In order for solar energy to be used to heat the pool 
water,. there must be. solar. heat available, as compared 
to the pool water temperature, and it is not realistic to. SO 
i assume- that solar heat will be available during 



simply 

certain tiroes of : the day.. .Cloud cover and' the like may 
int erf e re : or solar heat may be available .longer on some 
days than might be assumed for an "average" day. . Ac- . 
cordmgjy, ^e controIleV. of. the present .invention in*. 55 
dudes a pool-fiolar comparator 91 electrically coupled 
to the output of solar temperature sensor 66 and pool 

■ water temperature, sensor .68 and formed to produce a 
digitel qutpiitsignal to the logic circuit at conductor 92. , 
If, for example, the solar temperature is. in exqess of the. 60 
water temperature in the pool, a logic 1 or "true" signal 

^exists, and -if U is. less, a logic O or "false" exists, at the 
output oTcomparator 91. 1^ logic signal from compar- 
ator 91 'SB conmunicated through conductor 92.to AND 
gate i 93 (FIG. 4) to indicate at.the AND gate that solar 65 
heat is or is not available for heating the' pool water 
being sensed by 'sensor 68. .Thus; conductor 92 is labeled . 
the >*Pool Solar Heat Available" line. " 



F. The spa water temperature will normally be set to be 
much higher than that of the swimming pool water. 
Input devices 99, therefore, might be set at 100' F. 

a. Temperature Switching with Pool Preference 
Assuming for the purpose of illustration that the con- 
troller is s trapp ed for **pool preference** (strapping for 
pool or spa preference is described in detail below), arid 
assuming further that temperature-based switching is:, 
occuring, the operation of the temperature sensors and 
temperature input can be set forth. If the pool water 
temperature is 70" F„ comparator 97 will produce a 
digital logic 1 signal to AND gate 110, and comparator 
95 will produce' a digital logic 1 signal at the input to 
OR gate 10*. The logic 1 signal from comparator 95 is 
also input to inverter 226 (FIG. 5) through conductors 
103 and 187. A logic O is presented at time and tempera- 
ture switching OR gate 181 (as a result of tne inverter 
and strapping between terminals 223 and 221), and this 
logic 0 signal appears at OR gate 157 and conductor 
137, which in turn inputs a logic 0 (indicating "pool 
mode'?) to inverter 1*0 (FIG. 4). The output of inverter 
140 is therefore a logic 1, which, together with the logic 
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.1 output from comparator 97; results in a logic 1 input to 
OR gate 106. . " ■ . ■ . . . 

Since both gates 104 and 106 are OR gates, the logic. 
1 states will be present at the inputs to the next gates in 
the lose circuit, namely, AND'gates 94 and 107. Before 
AND gate 94 win input OR gate 108 with a logic U 
logic 1 signal most also be input from OR gate 148. OR 
gate 148 receives logic signals from both the pool-solar 
comparator 9l and spa-solar comparator iOl. Both of 
these inputs have AND gates (namely, AND gates 139 
and 93) interposed between the comparators and OR 
gate 148. Both of these ANt>' gates are also input 
through conductor 137 by logifc signals indicating 
whether the system is in the "pool mode** or /"spa 
mode** of heatings 

In the example, the system is strapped for pool prefer- 
ence and is in the pool heating mode. Accordingly, a 
logjc 0 wfll be present in ronductbr 137 (as above ex- 
plained}: This logic 0 will be input to AND gate 139, 
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A logic 1 will only be present in conductor 131 only if 
the pool system is in the spa mode, which the system 
can be manually forced into by input through pool/spa 
select switch 138. In the present example, however, the 
system is m pool mode, and a logic O win be present in 
conductor 131. 

A second input to OR, gate 130 comes from AND 
gate 127, which in turn receives an input through- con- 
ductor 135 from the temperature-time switching OR 
gate 181. : Since. it has been assumed that temperature 
switching is oeciiring, inverter 326 will cause a logic 0 
to be present at OR gate 181, indicating pool mode, and 
that logic 0 signal will be input to AND gate 127 and 
accordingly OR gate 130.' The other input to AND gate 
127 will be described when considering operation of the 
system m spa mode. 

The final input to OR gate 130 conies from AND gate 
120. AND gate 120 is input from gas enable input 
switch 132 and conductor 150, which is coupled to 



which wi« therefore input OR gate 148 through con- 20 Timing Portion 82 of the circuit. Accordingly, if the 



dnctor 115 with a logic 0. Inverter 145, however, win 
invert the logic 6 in conductor 137 and input a logic 1 to 
AND gate 93, thus tnputmg OR gate 148 with a logic 1 . 
and thereafter AND gate SMC * 

A logic I at both inputs to AND gate 94 indicates .that 25 
there is solar heat demand' from either the spa or pool 
(in this case the pool) and that there is solar heat avail- . 
ability. A logic 1 signal is therefore input to OR gate 108 
and then AND gate 10$. The other input to AND gate 



timing portion of the circuit is programmed for opera- 
tion of the filter pump and the system is manually input 
by the gas enable switch 132, a logic 1 wfll be present 
from AND gate 120 and input to OR gate 130 and AND 
gate 107 to drive gas heater actuating circuit or driver 
134 and turn on the gas heater. 

Both gas heating and solar heating of the pool water- 
win take place; however, in order to conserve energy, 
gas T"«y*+™g requires ^%«^«qi input through- pool gas 



1Q9 comes from a P^™^J^ t 3 0 » c ^*f^^™S enable switch 132. Without such input only solar heat- 
^ ~~ " "~ *" * ins will occur when solar heating is available. In fact, in 

the logic circuit illustrated, gas heating of the pool wfll 
not occur even if there is a gas heat d emand and no solar 
heat available for a system strapped for pool preference, 
unless gas heat enable switch 132 is input to permit gas 
heating. Leaving the gas enable switch in an "bn" posi- 
tion will result in automatic gas heating of the pool to 
the temperature set for the pool with gas heating, even 
at night, unless the filter pump is not programmed to 
operate, which it nbrmaUy wfll be at night, as wfll be set 

forth below. . m 

Accordingly, the system is constructed to permit gas 
heatmg in the pool mode, but to favor solar heating and 
further to require a conscience override to achieve- gas 
heating in the pool mode. Moreover, if solar heating is 
available, gas heating will be augmented by solar heat- 
ing* ' 

Returning to the numerical example, as the pool 
50 water temperature rises to 78* F. t the preset pool with 
gas heatmg level, the gas heat demand signal will be- 
come a logic 0. and the gas heater, if enabled, will shut . 
down for failure to receive a logic 1 input from OR gate 
106. Comparator 95, however, will still indicate that 
there is a pool solar heat demand and produce a logic 1 
"true" signal, ttr»r- the preset pool temperature with 
solar heating was 85* F. 

Solar heater 41 wilt continue tp heat the pool Water 
until the pool water temperature rises to 83* F. When 

also be taking place. 

Since comparator 97 H indicating that the pool tem- 
perature is below that of the . pool temperature .set for 
gas heating by input lOOVand since the system is in pool 
mode, a logic I signal is input to AND gate 107. The. 65 
other input to AND gate 107 can come from several 
sources. Ftrst^ OR gate 130 must be input with a logic 1. 
This win occur if a logic 1 is present m conductor 131. 



; return of water from." the solar panels so that the 

pump wfll not continue to pump water into a leaking 
solar panel. This win be more fufly" explained below, but 
conductor 170 is also input from AND gate 108 and wfll 
normally produce a logic 1 at the second input 112 to 35 
AND gate 109^ 

The logic 1 output from AND gate 109 is input to OR 
gate 124 and then to OR gate 125 in advance of the filter 
pump drive 126V and *he filter .pump is actuated. Hie 
logic 1 signal from AND gate 109 is also input to AND 40 
gate 119, which is also input with a logic 1 from conduc- 
tor 122 from the solaT return sensor and start up circuit 
for all conditions except a leaking solar panel. Thus, the 
output from AND gate 119 to solar valve drive 121 
causes the solar valve 39 to be swrtched'for the flow of 43 
pool water to the solar panels. 

The presence of solar heat demand for the pool or spa 
plus solar heat 'availability will turn on pump 38 and 
switch solar valve; 39 for the flow of water to solar 
panels 41. : ; 

Assuming further that the solar temperature sensed 
by solar sensor 66 is 83* F., water will be withdrawn 
from pool 22 (explained below) and the water tempera- . 
ture (75* F.) wfll be sensed and found to be below both 
the pool with gas heating {assumed to be set at 78* F.) S3 
and the pool with solar heating (assumed to be 85* F.)- . 
Moreover,, the 75* F. water temperature will be below 
the 83* F. solar heat availability temperature. Accord- . 
tagly, solar heating wfll occur, as above explained. Ad 



comparator 91 win no longer produce a -true** solar- 
heat-available signal* and solar heatmg wfll terminate. If 
the solar conditions change and more solar energy is 
available, the solar heater wfll. again be actuated and 
continue to heat the pool water until the preset water 
temperature of 85* F. is reached. Once this upper tem- 
perature is reached, heating of the pool win cease even, 
though solar heat is available. 
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Once pool water in pool 22 zs heated to 8S* F-. the 
logic 0 signal from comparator 95 will be communi- 
cated to inverter 226 through conductors 103 and 187 
and inverted to a logic 1 signal indicating that the sys- 
tem is now in spa mode; The logic 1 signal from inverter 
226 is input through OR gates 181 and 157 and back 
through conductor 137 to the Temperature Logic Por- 
tion of the circuit, and more particularly AND gates 
139 and 136 (as well as inverters 140 and 145, which 
now invert io logic 0 signals). 

If the solar heat availability t empera ture has risen to 
95" F. and the Spa water temperature is currently 90 r F-, 
comparator 101 will also input AND gate 139 with a 
logic 1. The result is a logic 1- input to OR gate 148 and 
AND gate 94 indicating spa solar heat availability. 
Since the preset spa temperature is. IttT F.„ comparator 
96 indicates that there is a spa. heat demand in that the . 
spa water temperature is only 90* F- A logic 1 signal is 
present at AND gate 136 from comparator 96 and from 
conductor 137 (spa mode) and such signal is accord- 20 
mgiy input to OR gates 104 and 106. The input to OR 
gate 10* is present at AND gate. 94 indicating both spa 
solar heat demand and spa solar heat availability. The 
spa is, therefore, solar heated until the temperature rises 
to 95* F. Switching of ihe valves 31 and 47 for flow of 25 
water to and from the spa in response to the spa mode 
signal will be described below. 

Once the pool water in spa 21 reaches 93* how* 
ever; further circulation of the pool water into the solar 
panels would only cool the pool -water. Gnnparatox 101 30 
will produce a logic 0 signal indicating there is no. more 
solar heat available to heat pool water in spa 21. This in 
turn wfll input AND gate 139, OR gate 148 and AND 
gate 94, thus, shutting down solar heating. 

As set forth above, -the logic ! signal from compara- 35 
tor 96 indicating spa heat demand is input to logic OR 
gate 106, as well as OR gate 104. When the pool water 

in the spa rises to 93* F. solar heating shuts down, but _ r . - - _ . , _ # . i<s 

spa heatdemand continues because the preset spa tern- occur unless there is a manual override, or the systemis 

■ gate 107 from OR gate 130 can also be a logic 1. If the 
manual pool/spa switch .is depressed, a logic 1 will be 
present at OR gate 130 from conductor 131. 

Even if there is no manual input, the presence of a 45 
logic 1 signal at the tetnp e i atme-nrne switching OR 



circuitry that a manual override is necessary to cause 
gas heating of the pool water in the spa when solar heat 
is available. _ « 

Once the spa . is heated to 100* F-, all gas and solar 
heating is shut down, since there is no more heat de- 
mand for either the pool, now at 85* F., or the spa, now 
at 100* F. 

b. Temperature Switching with Spa Preference. 
. In the previous example the system was strapped 
between terminals 231 and 223 for temperature switch- 
ing with pool preference. In some instances users may. 
wish to heat spa 21 in preference to pool 22. This may 
be accomplished by strapping between terminals 221 
and 222, which causes the temperature-time switching 
OR gate 181 to receive input from conductor 224 in- 
stead, of conductor 187. • . ■ - • 

The spa preference temperature switching results 
from the output of comparator 96. If there is spa heat 
demand, a logic 1 is conmiunieaied from comparator 96 
through conductors 78 and 236 to AND gate 237. The 
logic 1. signal from AND gate 237 ^spa mode" and is 
returned to the Temperature Portion of the logic circuit 
through conductors 135 and 137 to solar heat poo l 
water in the spa, as above described -under the tempera- 
ture switching, pool preference section. 

When the pool water in the spa is heated to the preset 
temperature (lOrr-'F.) -a logic 0 from comparator 96 is 
input to AND gate 237 and OR gate 181, switcning the 
system to. pool mode. The logic 0 at OR gate 181 is 
inverted at inverters 140 and 145 to activate AND gate s 
93 and 110, which control pool heating. Pool hearing 
then occurs as described under the temperature switch* 
trig with pool preference section. 

. Thus, a spa preference strapping will cause heating of 
the spa first and then the pool, while pool, preference 
strapping causes heating of the pool first and then the 
spa. In either pool or spa preference gas heating will not 



exception for spa heating by gas when no solar is avail- 
able is believed to be an acceptable energy use since the 
size of the spa and the amount of heating required will 
be relatively small.' • 

c Time-based Mode Switching. 
The logic circuit of the present invention is ca pable of 
time-based as well as the above-described temperature- 
based mode switching. In time-based operation the 
so heating in spa mode and pool mode may be determined 
by programmable timer 178 (FIG. 5), as well as by the 
t emp e r ature of the pool water. 

For the purpose of illustration assume that the system 
is strapped for pool preference. Moreover, assume that 



gate 181 <FIO. 4) resuKs hi a. logic 1 input (through 
conductor 135) to AND gate 127. The other input to 
AND gate 127 is from OR gate 200, which is input from 
one of two sources- First, OR gate 200 is input from 
inverter 149 from OR gate 148. Since the output of OR 
gate 148 indicates whether or not there is spa or pool 
solar heat available,- and since in the example there b no 

solar heat available, the logic 0 at the output of OR gate rr . . 

1« inverted by i invertJW and .logic 1 input «o 55 at: S^Op-o, _* ev^g ^epod £ ^ 



OR gate 200, AND gate 127, OR gate 120 and AND 
gate 107. This produces automatic gas heating of the spa 
when solar heat is no longer available. 

The other input to OR gate 200 in spa solar prefer 



the spa for 2 hours, regardless of whether or not the 
pool is heated to 78* F. This condition may occur regu- 
larly during winter months. Programmable timer 178 

* oiucr mpu* « « -*» ^ will produce a logic! signal in conductor 179 which 

ence oVerrSJ Tswitch 152- This switch enables the user 60 inputs OR 181. The system wfll » s^ mode 

to force gas heating of the spa, even though solar heat- even though the temperature switching input to on 
ing » available. Thus, when solar heating of the spa is gate^ 181 ts a logic O . mi , „ m - 181 ^ 

available, the input to inverter 149 from OR gate 148 The logic 1 from tinier 17 f^^^R gate 181 » 

will bcalogic 1, which Is inverted to a logic 0. Switch- communicated to acttvate AND ^ gates 139 and 136 
mTswitch 152 to an "on" position, however, will input 65 through conductors 183 and 137. Usually <*• 
* - — ™ — - — --^» * ~r"> n0 heat available and a logic 0 output from OR 



OR gate 200, AND gate 127 f OR gate 130 and AND 
•gate 107 . with a logic 1, causing gas heating in addition 
to solar heating: Again it is a feature of the present logic 



gate 148 to inverter 149 will activate the gas heater if 
there is spa heal demand. When the spa reaches 100" F., 
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the logic state at the input to AND gate 136 from com- 
parator 96 will change to 0, shutting down heating. 

The system will stay in spa mode for the entire 2 
hours programmable tuner 178 inputs a logic 1 to tem- 
perature-tune switching OR gate. 181* When the timed 
operation of the spa terminates the timer will change to 
a logic 0 output and the input from the temperature 
portion win also be a logic 0, and the system win switch 
to pool mode. If solar heat is cot available, gas heating 
of the pool can be accomplished only by employing gas 
enable switch 132. 

The effect of spa preference strapping is to essentially 
make ' tirae-oa&cd switching of .modes unnecessary 
through OR gate 181. The system will spa heat as soon 
as there is spa heat demand. Accordingly, the tempera- 
ture switching wul the spa at its preset temper- 
ature at all times and programmed switching to spa by 
timer 178 win not be necessary. 

If the user wants to. insure heating of the pool during 
predetermined hours when in spa strapped preference* 
without effecting switching between modes, tins can be 
accomplished by o r * p mmwig timer 178 to produce a 
logic 1 signal through conductor 197 to turn the pump 
on during certain hours* say 1:00 p.m. to 4:00 p.m. Addi< 
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which allows the system to operate until water is sensed 
to be returning from solar, panels 41. Thus, if there is 
solar heat demand, solar heat availability and water 
returning from the solar panels, the filter pump will be 
actuated by a logic 1 signal at the output of AND gate 
109. 

The third input to OR gate 124 is from AND gate 
203. As will be seen from FIG. 4, there are two inputs 
to AND gate 203. Delay 204 produces a logic 1 output 
at all times* except when the logic state input to delay 
204 changes from 1 to 0. Such a change occurs when 
there is no longer pool . or spa solar heat demand, and 
the effect is to shut down the filter pump by producing 
a logic 0 at AND gate 203. The purpose of the pump 
shut down is described below. 

Except for the limited condition of termination of 
pool and spa solar heat demand, therefore, AND gate 
203 essentially is controlled by the logic state of the 
output of OR gate 201 (FIG. 5) from the Timing Per* 
tton of the logic circuit. As is explained in more detail, 
ehher a timing signal from programmable rimer 178V or 
a override by pool/spa select switch 138 com- 

manding spa operation can cause a logic 1 at the output 
of OR gate 201. which will be communicated through 



tionally, the gas heat enable switch can be turned oh, 25 conductor 202 to AND gate 203 and from there to OR 



and when the system temperature switches from spa to 
pool mode, timer 178 will cause a logic 1 through total- 
izer 189 and conductor 150 to AND gate 120. This will 
turn on the gas heater to beat pool 21 during the pro- 
grammed time, period. The spa wul also be kept at the 30 
preset temperature by temperature switching* but 
whenever the system temperature switches to . pool 
mode, the pool .will be gas heated untO the preset pool 
temperature with gas heating is reached. 

,■ ' 2, Filter Pomp Operation 

Both solar and gas heating of pool water are accom- 
plished by operating filter pump 28. In the logic circuit 
of the present invention heating of pool water cannot 
take place without operation of the filter pump, al- 
though the filter pump can, and often will, operate 
without heating, namely, when only filtration is taking 



35 



40 



pi 

The filter pump drive 126 (FIG. 4) is actuated and the 
filter pump driven when a logic 1 signal exists at the 45 
output of OR gate* 125. Such an output will occur if 
there is a logic . 1 pres e n t at OR gate 124 from one of 
AND gate 203, AND gate 109 or recirculation terminal 
146. Additionally; a logic I can be input through con- 



gate 124 and 125 to actuate the filter pump. 

Filter pump 28, th er efo r e, operates whenever there is: 

a. solar heat demand, solar heat availability, and 
water returning from the solar panels (solar heating 
of the pool or spa); or 

b, programmed or timed operation of the filter pump 
from the Timing Portion of the logic circuit (filtra- 
tion only of the water and gas heating of the pool); 
or 

c heating of the spa — particularly gas heating; or 
d. freezing in the system and the logic circuit ss 
sUapp cd for a water circulation option. 

3. Solar Panel Leak Protection 

The controller of the present invention provides for 
important protection from potentially disasterous con- 
tinued pumping of pool water into a solar panel having 
a substantial leak. Minor tenting will normally not be 
very serious, but continued filter pump operation when - 
the water is being pumped to a solar panel having a . 
major leak could result hi the pumping of large quanti- 
ties of water out of the pool and onto the pool owner's 
property. 

How sensor 67 will produce a digital logic output 



doctors 155 and 159, which receive logic signals from 50 signal to OR gate 111 (FIG. 4) and from there through 



OR gate. 157 (FIG. 5) and mode switching OR gate 181. 
Thus, any time the system is in spa mode, a logic 1 will 
be input to OR gate 125 and actuate filter pump drive 
circuit. 126. When the system is in pool mode, however, 
activation of the filter pump requires input from OR 55 
gate 124. 

The three inputs to OR gate 124 which win turn on 
pump 28 include terminal 146, which will have a logic 
1 .signal if freezing of! water in the system is imminent 



conductor 112 to AND gate 109. The presence of a 
signal from the solar return-flow sensor indicates that it 
is safe to continue to pump water to the solar panels for 
solar heating. 

In a start-up condition, however, there will be. no 
flow in conduit 46 which could be sensed by flow sen- 
sor 67. Thus, the filter pump must operate for some 
period of time before water could be expected to return 
from the solar panels through conduit 46. In order to 



and the recirculation option has been strapped into the 60 enable this start-up, a 2-bit priority encoder 114 is pro- 



logic circuitry; as will be more fully explained hereinaf- 
ter. 

A logic 1 signal wul be input from AND gate 109 to 
OR gate 124 when both solar heat availability and solar 



vided and coupled to delay means 116, which in turn is 
coupled to OR gate 111. Encoder 114 is further coupled 
by conductor 170 to the logic circuit just beyond OR 
gate 108. Thus, any time there is either spa or pool solar 



demand, are present, as was above explained, and a logic 65 heat demand and solar heat availability, a logic 1 state is 
1 input to AND gate 109 exists from conductor 112. communicated to priority encoder 114 through conduc- 
The input to AND gate 109 from conductor 112 is tor 170 and is communicated to the input of delay 116 
provided by .flow, sensor 67 and start-up apparatus through conductor 130. Delay 116 is formed to produce 
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a logic 1 signal for a 2 to 4 minute duration upon change 
or logic stale downstream of OR gate 108 from, a logic 
0 to a logic I. 

On the occurrence of solar heat demand for the pool 
or solar heat demand for the spa and solar heat availabil- 
ity, a ""true** logic state at OR gate 108 immediately 
triggers a logic 1 signal at delay 11* for 2 to 4 minutes 
which in tarn presents a logic 1 at the input to OR gate, 
111, even through no water has yet reached solar return 
flow, sensor 67, .if the. panels or. conduits are leaking 
severely* however, the logic I signal rrom delay 116 
will terminateraijd sensor 67.will not produce a logic 1 
signal to gate, ill- The flow of water to the solar panels 
will be shut down by failure of AND gate 109 to see a 
logic 1 state, which state is : communicated through 
conductors 113 and 123. to OR' gate 124. • 

4; Solar Valve Operation 

In order for" water to be pumped to solar panels 41, 
solar valve 39 must be positioned for flow of pool water 
in conduit 43, instead of conduit 44 Such switching of 
valve 39 occurs' when a logic 1 state exists at solar valve 
driver 121 from AND gate 119. This state will exist 
when there' is both solar heat demand and solar heat 25 
availability .and .priority encoder 114 indicates proper 
sequencing of -the heat demand and availability with 
return- of water from the solar panels.' ' 

Priority encoder 114 will produce a logic 1 or '*true~ 
state to conductor 122 and the input to AND gate 119 in 30 
advance of the solar valve' driver 121 in accordance 
with the following truth tabic: 
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6. Pool/Spa Select Switch 

As indicated above, Timing Portion 82 of the logic 
circuit is not separate and distinct from Temperature ■ 
Portions 80 and 81, but instead is fully integrated there- 
with and discussed separately only for the sake of ease 
of understanding and convenience of illustration- Mas- 
ter switch 151 and pool/spa. select switch 138 (FKX 5) 
are designed primarily for marina! input to the system to 
enable overriding of temperature switching or. time- 
based p rogrammed switching. • Master switch 151 - is 
located at the controller 26* while the pool/spa select 
switch may be located at controller 26 and further pro- 
vided with a pool/spa remote select switch 152. (FIG. 1) 
15 that can be placed, for example, proximate spa 2L 

As will be seen, master switch 151 is connected to the 
input of AND gate 153, as is pool/spa selected switch 
138* Master switch 151 is also coupled oy conductor 154 
to the Hydromassage Po r tio n 83 of the logic circuit, as 
will be discussed hereinafter. Once the switch is 

"on" (a logic 1 signal), the pool/spa select switch 138, 
or the remote switch 152, can be used to produce a logic 
1 signal at AND gate 153 indicating that the system is in 
the spa mode. The' logic 1 signal fe latched into circuit 
by toggle latch 156. The toggle latch will, la effect, be 
operated by the pool/spa select switch as long as the 
pagTor switch 151 is **6n*\ Upon turning off of the mas* 
ter switch toggle latch 154 is reset to a logic O pool 
mode by a latch reset signal through conductor 160: 

The function of the pool/spa select switch m overrid- 
ing pr og r ammed and temperature switched functions is 
to enable gas heating of spa 21. L a t c hing of a logic I 
into the circuit by switch 138 signals "spa mode** to 
AND gate 139, inverter 140, inverter 145, AND gate 
35 136, and gas heating OR gate .130. 

Latching of the pool spa select switch in a logic 1 spa 
mode, therefore, activates the spa water temperature 
control gates and the gas heating gate and deactivates 
the pool temperature control gates. Conversely, if the 
40 pool/spa select switch is pressed again or the master 
switch turned off, the system will be controlled by 
temperature or time-based switching. This usually re- 
sults in switching back to pool mode, particularly if 
pool p referen ce is strapped into the system. 

7; Switching of The Pool and Spa Valves 
The spa fiU/drain/auto selection device 164 (FIO. 5) 
is coupled to intake valve drive or actuation means 166 
and return valve drive or actuation means 167. The. 
valve selection device 164 is a manual or automatic 
input device that can be employed by the user to not 
only circulate water to and from the spa or pool, but 
also to fill or drain the spaJ In the normal automatic 
selection mode, a logic 1 signal at the input to s witch 

has been 



50 



Subscripts indicate;. the. order of the -event's occu- 
rence. .The logic- state at the; output of AND gate 109 is 
communicated to AND gate 119 in' advance of drive, 
circuit 121 through conductor 113: Thus, -.upon the 
presence of solar heat demand and availability followed 
by the return of water from- the solar panels Cor a start- 
up signal :fron> delay 116), the priority encoder .will 
produce a logic 1 signal to solar drive circuit 121, caus- 
ing switching of solar valve 39 by means of the valve - 
operator 73 to a position which will produce pumping 

of the pool water in conduit 43 to the solar panels.' As _ _ 

the water passes through the panels; it wiD be sensed by 55 apparatus ^64> indicating that the **spa mode** 
sensOr 67 and maintain the"- process and valve 39 selected, will cause actuating means 166 to drive the 
switched for the pumping of water to the solar panels- intake valve operator 72 in a manner switching the 
_"*■_'•_,."•**_"• valve 31 for withdrawal of water from spa 21. Addition- 

5. Solar. Indicator Light ^ ly . means 167 will cause the valve operator 

The controller of the present' invention- can further' 60 74 to switch valve 47 for return of water to the spa 
optionally be provided with a light at the' controller through conduit 49. When a logic 0 signal is commnm- 
indtcating. that the system is operating in a solar healing cated to the spa fill/drain/auto select device 164. selec- 
mode. Thus, a conductor 128 connected to a solar mdi- tion device 164 will automatically switch the intake and 
catdr light actuating' means' .'or drive circuit 129 can return valves for circulation of water to and from pool 
optionally be provided. This will visually indicate at the 65 22. 

controller that the system is operating in the solar mode Since the valve selection device is connected by con- 

whenever solar heat demand and solar heat , availability . ductors 163 and. 159. to OR gate 157, which in turn is 
arc present. in£ui by the temperature and time switching OR gate 
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181 and latch 156, ^rime-based or temperature-based or 
manual switching of the mode from spa. to pool or pool 
to spa will be accompanied by corresponding valve 
switching. ' , . . . 

The filling and draining of spa 21 is accomplished by 
manually inputting device 164. Such manual input will 
enable the user to switch valve 31 for withdrawal of 
water from spa 21 and maintain valve 47 for return of 
water to pool 22- This will efTect draining of the spa, 
while a reversing of the two valves can be used to fill 
the spa from the pool. 

• . 8., Pool Cleaner Operation 
The logic signals indicating the mode of operation of 
the system also control operation of the pool cleaner. 
Thus a temjperature^based, time-based or manual spa= 1 
signal from OR gate 157 is communicated through con- 
ductors 137 and 159 to inverter 168 (PIG. 4). This logic 
1 is inverted to a logic 0 input to AND gate 171. A> 
cordingly, the pool cleaner pump drive actuating means 
or circuit 172 will be shut down or interrupted 1 while the 
pool system is. in the spa mode.- Conversely* however* 
.when the pool system is : m the* pool mode, the logic 0 
input to. inverter. 168. will- fee inverted to a logic T; en- ' 
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abling pool Cleaner operation if the other inputs to 2S pool can take place. 



is operating. Operation of filter pump 28 during the pool 
mode will force water past pool sweep or cleaner pump 
61, even though it is not pumping <as well as return 
water to the pool through conduit 51). Thus, flow sen- 
sor 69 for the pool cleaner will -see" pool water before 
pump 61 is started and input AND gate 208 with a logic 

The input to AND gate 208 from totalizer .189. indi- 
cates that the programmable timer 178 has programmed 
timed operation of the filter pump. The independent 
input to AND gate 208 directly from timer 178 enables 
the pool cleaner to be operated for a tune interval less 
than the entire time winch the filter pump operates. 
Conversely, however, .the pool cleaner will not be oper- 
ated unless the filter pump is also operating. 

The last function of. the programmable timer is to 
operate the filter pump for filtration. The filter pump 
win be turned on without regard to the timer for solar 
heating or gas heating of the spa. In addition,, however, 
the user will want, to control the duration and timing of 
pool filtration. Gas heating of the pool win not occur 
unless gas enable switcji 132 is pushed and a pro- 
grammed filtration of pool, water exists. Thus* pool 
water filtration also controls when gas heating of the 



AND gate 171 axe "true" logic inputs. The other inputs 
to AND §ate 171 are'described in more detail below in 
connection with timing functions, but briefly' consist of 
a delay 216, which mterropts pool cleaner operation at 
the start of solar heating, and input from conductor 213 30 
for timed pool filtration, particularly at night. 

\ 9. Progra mmable Timer • 
Programmable, tuner 178 is formed to output logic 
signals which indicate the heating mode in Which the 35 
system is operating and the duration of beating. Thus, 
timer 178 can time switch' the system between pool " 
heating and spa heating, and it can be used to mogram 
the time of- day during which heating will take place. 

A ecvHertz source tSS provides' the base, for pro* 40 
grammable timer 178, and the timer can be set by the 
user to turn filter pump 28 and pool cleaner pump 61 
M on w and **oxF? at four separate times in every 24-hour 
period. Program mable timers capable of multiple set- 



Hie 60 Hertz source 188 constantly inputs AND gate 
193, but that signal is only permitted to pass to counter 
192 when a logic .1 la received from OR gate 194. The 
OR gate 194 will.be input with a logic I signal through 
conductor 118 any *™«» filter pump 28 is operated by a 
logic 1 input from OR gate 124. Thus, when solar heat- 
ing in pool mode automatically occurs through temper- . 
ature switching, a logic 1 switching will be input to OR 
gate 194, Conductor 118 is connected in advance of OR 
gate 125, and accordingly, operation of the spa will not • 
produce a logic 1 to the input of OR gate 194. While the 
spa water is being filtered, the volume of spa water is so 
small as to make totalizing of the spa water filtration 
time deceptive, as compared to filtration of the water in 
'pool 22. 

Thus, during automatic pool solar heating the 60 
Hertz source is passed through 'AND gate 193 to 
counter 192, and the counter begins counting the time 
of filtration of the pool.- The user will have preset a total 



tines and the production of. logic signals during preset 45 pool filtration time which is required to maintain a clean 



time intervals are well known in the industry and will 
not be described far detail. 

Programmable timer 178 produces logic signals to 
OR gate 181- through conductor 179 to indicate' the 
mode of operation or heating of the pool system. In 
most instances the tinted mode signals are used to start 
and continue heating' of the spa, when the' system would 
otherwise be m 'a pool mode. A logic 1 is produced by 
the timer and input to OR gate 181 "at time intervals 
selected by the user so as to control spa operation. 

Programmable timer 178 also produces a logic I state 
to the input of AND gate 2D8, through conductor 209. 
This input is independent of the programmed spa opera- 
tion, but .as above 'noted in connection with the pool 
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pool through input device 191. Totalizer compares^ the 
preset input with the counter -and produces' a logic 1- 
sigxial from totalizer 189 through conductor 199. to 
AND gate 208, OR gate 158 and OR gate 201* for all 
times during which the counter is counting and is lesa 
than the preset total filter time. 

Totalizer 189 will compare counter 192 against the 
filter time setting at . input 191 only when the totalizer is 
enabled. The totalizer wlU.be enabled when there is a 
logic 1 returned through conductor 118 from the filter 
pump actuation circuit through conductor 2S1 -to OR 
gate 252, or when there is a logic 1 input to OR gate 252 - 
through conductors 197 and 239 from timer 178. OR 
gate 252 in turn inputs, totalizer 189 through conductor 



cleaner description, a spa mode signal will interrupt 60 253 with logic signals, and a logic 1 will enable opera- 



pool cleaner operation. This is required since return 
valve 47 is always switched to return water to the spa, 
and pool cleaner pump 61 does not have any returning 
pool water to pump when the system is in spa mode. 

The other, inputs to AND gate 208 required to oper- 65 
ate the pool cleaner are a logic 1 signal from pool 
cleaner flow sensor. 69, through ? conductor ' 212, and a 
logic 1 from totalizer 189, indicating that filter pump 28 



tion of the totalizer. 

Thus, when the filter pump is operated by tempera- 
ture switching and the system is in pool mode, the total* 
izer is enabled by input from OR gate 124 through 
return conductor 118. Similarly,' when there is a pro- 
grammed or timed filter pump oper ation in pool mode, 
the totalizer is enabled. When the totalizer is not en- 
abled, a logic O or * 4 false" output from the totalizer 
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occurs, even though ihe counter level is below 
preset total filter time. 

The other input to OR .gate 194 and accordingly 
AND gate 193 is directly from timer 178 through con- 
ductor 197. This permits the user to program operation 
of the pump for filtration at times other than solar heat- 
ing of the pool. Pool filtration can advantageously 
occ ur at night, since filter pump 28 can then be operated 
ai off-peak hours with attendant cost savings. Normally* 
pool filtration will require much more time to complete 
rt»w% wiU. operation of the filter pump for pool solar 1 
beating. Accordingly, at the end of a day the filter 
pump may have been operated for 4 hours for solar 
hearing of the pool, but 8 hours can be required for 
filtration. Timer 178 can be set to produce a logic 1 
signal to Oltjgate iM through conductor 197 during the 
off-peak hours of 1CHOO p.m. to 6rOO aJm. If pool filtra- 
tion during hearing has occurred for four hours, counter 
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invention and includes two strapping options which 
allow the system to be tailored to the user's needs. 
. First, freeze protection comparator 141 (FIG. 3) can 
be strapped from terminal 241 to one of terminals 242 
and 243. When strapped to terminal 242, the compara- 
tor compares a preset input, such as 33* F.. in input 
device 142 with solar temperature sensor 66. This 
causes the comparator to. produce a logic 1 output when 
the ambient temperature sensed proximate the solar 
panels is approaching freezing. 

If the circuit is strapped from terminal 141 to 243, the 
preset tempera ture is compared against the temperature 
measured by pool sensor 68. This comparison will cause 
the output of a logic 1 signal when water in the plumb- 
ing is approaching freezing. 

The second strapping option relating to freeze pro- 
tection occurs at terminals 143, 144 and 146 (FIG. 4). If 
one .of the temp erature sensors drops below the freeze 
_ protection input, a "true- or logic 1 signal will be gener- 

192 wtD show a four hour total. Tuner 178 will again ^ ateo ffom comparator 141 to terminal 143. The terminal 
start filtration at. ltfcOO p-nu and.contmue until 2:0O a.m., . can ^ selectively strapp e d to either a drain terminal 

at which time counter 192 and input 191 wfll reach the 144 or a recirculation terminal 146. 
same level. Totalizer 178 will then output a logic 0, The decision as to strapping between terminal 143 

shutting down the filter group. and the drain -and recirculation terminals will depend 

The logic output of the totalizer to OR gate 201 .is 25 upon the configuration and suitability of each approach 
communicated to AND gate 203, which always re- to the specific pool system which is being controlled- In 
ceived a logic 1 from delay 204, except for 10 minutes some instances drainage of the solar panels is not a 
when solar heating is terrnrnated. Accordingly, a logic I practical option. If drainage can be accomplished, a 
from the totalizer will actuate pump drive 126 while a strap between terminals 143 and 144 will cause a logic 
logic 0 will terminate pump operation. * 30 signal from comparator 141 to be present at actuating 

means or a dram valve drain circuit 147 so as to open 

lO. Hydromassage. Portion 
The hydrornassage portion 83 of the logic circuit of 
the controller of the present . invention includes -a jet 
control switch, 221 coupled to AND gate 222 and a 35 
blower control switch 223 coupled to AND gate 224. 
Both AND gates m turn are connected by conductor 
154 -to master switch 151, so that when the master 
switch is "on" r the AND gates will receive a logic 1 



drain valve 76. Thus, the dram valve operator 77 of 
FIG. 1 will be actuated by drive circuit 147, and valve 
76 wul be opened to drain solar panels 41 and avoid 
freezing in the panels." 

If freeze protection is to be accomplished by recircu- 
lation, a strap between terminals 143 and 146 wul be 
employed, and a logic 1 signal from comparator 1*1 
will be communicated to OR gates 108 and 124, to 



si^irteHhe master switch and the jet and blow 40 switch the solar valve for *^*™££J^*l£ 
control switches can be pushed to input logic 1 signals — — " ™»» ^ Water fiilltKcnbe cactt " 
to the AND gates and toggles 226 and 227. The toggle 
latches are coupled to input jet pump actuating means 
or drive circuit .228 and blower actuating means or 
drive circuit 2». Thus, the drive ciici rit 228 actuates 45 
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power relay 71 to drive jet pump 54 and further actuates 
a power relay 71 for air blower 30. • 

Both the Jet control and blower control switches are 
preferably remote switches, for example, at switch 152, 
that can be positioned proximate the spa for control of 
operating conditions at the spa. Neither of these 
switches, however, can be used to actuate the hydro- 
massage equipment unless the master switch is "on". It 
is possible, therefore, to provide the. master switch at 
controller 26 in a. secure location so that the bydromas- 
sage until will only be used while supervised by the pool 
owner. Thus, children cannot operate the hydromas- 
sage enjuipment unless the Tnfl^t*T switch is also **on". 
Toggle reset is accomplished by inputting toggle latch ^ 
226 arid 227 through conductor 235 from master switch 
151 when the master switch is turned "off". 

11. Additional Features'' 
a. Freeze Protection 65 
It is essential that pool water m solar panels 41 not be 
allowed to freeze in the panels or plumbing. Freeze 
protection, is provided in the logic circuit of the present 



and to turn- on filter pump 28. Water sill then be circu- 
lated in the solar' panels to avoid freezing and destruc- 
tion of the panels. 

. b. .Solar Panel Superheating Protection 
Another important feature of the present invention is 
that the logic circuit is formed to cause drain -down of 
the solar panels upon termination of all solar heating. 
Solar panel drain-down prevents superheating of stag- , 
nant water : in the panels, which superheating causes 
panel scaling and dete* io ration. 

Draining of solar panels 41 is accomplished- by pro- 
viding delay means 204 that is coupled to the output of 
OR gate 104 (FIG. 4). OR gate 10 4 is in put by both 
-comparator 95 and comparator 96. Comparator 95 will 
produce a logic 1 signal until the pool water Is heated 
above the pool temperature for solar heating, while 
comparator 96 will similarly produce a logic 1 signal 
until the preset spa temperature is. reached. 

Delay 204 is formed to input a logic 1 signal to AND 
gate 203 for all conditions of operation except when the 
input to the delay changes from 1 to O. Accordingly, 
upon the last to occur of pool or spa solar heating both 
comparators 95 and 96 wfll input gate 104 with a logic 
0 and delay will change -from a logic 1 to input AND 
gate 203 with a logic 0 for 10 minutes. 

When the solar heat demand for both the spa and 
pool terminates, the logic 1 input from AND gate 109 to 
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OR gate 124 also terminates. Thus, AND gate 203 will 
no longer Input OR gate 124, nor will AND gate 109, 
and the filter pump drive circuit will shut down filter 
pump operation. 

Upon shut down of pump operation water will drain 
back out of panels 41 through conduit 43, check, valve 
45 and conduit 50. The water will then gravitate back 
through pump 28 to the pool or spa. This avoids stagna- 
tion and superheating of the pool water in the solar 
panels. 

Air Purge From Solar Faucis 
When solar heating is commenced, die solar panels 
will have air in them. As water is pumped to panels 41, 
the air is driven out conduit 46 toward the pool or spa. 
If the system is m the pool mode, the pool cleaner is shut 
down or interrupted to permit purging of the air. The 
logic state at AND gate 109 is communicated through 

conductors 113 and 214 to delay means 216 (FIG-3) and _ 
AND gate 171. As the logic state changes from O Cno 20 formed to produce a signal based upon said input, and 
solar demand) to 1 (solar demand) delay 216 produces a said, controller means further being formed with logic 
"false*' or 0 signal which interrupts the operation of the circuit means having logic gates and coupled to said 
pool cleaner for a ten-minute period. This interruption sensing apparatus* said actuating means and said pro- 
of the operation of the pool cleaner enables air in the grsxnmable input means for control of the operating 
solar panels to be. purged from the' system through the 25 parameters of said pool system, wherein the improve- 
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minutes which will keep the filter pump on until heat in 
the gas heater is dissipated. 
What is claimed is: . 

1. Controller means for a pool .system, said pool sys- 
tem including a pool; pool related conditioning .appara- 
tus including pump means and. actuating means coupled ; 
to drive said pump means; solar water heating apparatus 
and non-solar water heating apparatus; and hydraulic , 
circuit means including valve means formed, for the 
flow of pool water to. and from said pool, said pump 
means and said solar water heating and said hon-solar 
water heating apparatus; said controller means includ- 
ing a plurality of i^mring apparatus formed and posi- 
tioned to sense conditions in said pool system and 
formed to produce a signal in response to' said condi- 
tions, actuating means formed and coupled to said solar 
sater heating and said non-solar water heating apparatus 
for actuation of the same, and programmable input 
formed for receipt and storage of input and 



pool sweep pump. Ex cept in the solar start-up condi- 
tion, a logic 1 state is produced by delay 216 at AND 
gate 171.. and operation of the pool cleaner pump is 
dependent upon the logic state of the input at conduc- 
tors 169 and 213 to. AND gate 171. 30 

d- Isolation, of Switching from Power Circuits . 

Another important feature of the controller of the 
present invention is that the timing and switching func- 
tions of the controller means are not directly interposed 35 
in the power ctrcurta>-Tlrus, the driver circuits for the 
various pool water-conditiouing apparatus are in a sepa- 
rate lower-voltage (for example, 24 volt) control circuit 
that in terraces with the. high-voltage power required to 
switch valves and pump water. As win be seen, the 40 
pumps are provided With a high-voltage 220-volt source 
230* while each of the valve operators is provided with 
its own 1 15-volt sources 231. Drive circuits or actuating 
means 121, 126; 129* 134, 147, 166; 167 and 172 are all in 
the low voltage logic circuit and interface the logic 45 ^ 
circuit with the power circuits. 

e. Gas Heater Pro te ction 

When gas heating occurs there is a potential for dam- 
age of the plumbing and heater upon termination of 50 
heating. Most of the plumbing in pool systems today 
will be provided by plastic pipes. If filter pump opera- 
tion terminated upon termination of the operation of the 
gas heater, the water in the heater and adjacent pipes 
would continue for some period of time to be heated by 55 
heater overrun... Accordingly, continued operation of 
the filter after termination of the gas heater will dissi- 
pate heat build-up in the heater and adjacent plumbing. 

Gas heaong. will occur automatically only when spa 
heating occurs , or. manually when pool heating during 60 
timed nitration and the gas enable is pushed. Accord- 
ingly, OR gate 158 (FIG. S) will change from a logic 1 
to a logic 0 and trigger delay 207 only when the system 
changes from spa to pool mode, as input from OR gate 
157, or when .totalizer 189 terminates filtration (either 65 
programmed hating or filtration). When spa heating 
terminates or programmed filtration with pool gas en- 
able terminates* delay 207 will output a logic 1 for 10 



mcnt in said controller means cornprises: 
said sensing apparatus includes: 

0) water temperature sensing means formed and 
positioned to sense pool water temperature, and 
(n) solar temperature sensing means formed and 
positioned to sense a radiant temperature proxi- 
mate said solar water heating apparatus; and 
said logic circuit includes comparator means and 
temperature level setting means connected to said ' 
comparator means, said comparator means being 
formed to compare said pool water temperature 
sensed by said water temperature sensing means 
with said radiant temperature and with at least one 
preset tempera t ure from said temperature level 
setting means and to input said logic circuit with 
logic true and logic false signals for controlled 
actuation of said solar water heating apparatus and 
said non-solar water .heating apparatus and said 
non-solar water heating apparatus m accordance 
with a predetermined logic sequence. 
2* The c ontro ller means as defined in claim 1 wherein, 
said logic gates are foinied and connected to present 
logic signals to actuating means for said pump 
means and said valve means to produce: 

(i) flow of pool water to said solar water heating 
apparatus when said pool water temperature is 
below both said radiant * temperature and said 
preset temperature, and 

(ii) flow of pool water to said non-solar water heat*, 
ing apparatus when said pool water temperature 
is below said preset temperature and above said 
radiant temperature. 

3. The controller means as defined in claim 1 wherein, 
said temperature level setting means includes first 
moans formed for presetting of a first temperature 
f sui wtpnnrfing to a desired pool water temperature, 
when solar beat is available, and second means 
formed for presetting of a. second temperature cor- 
responding to a desired pool water temperature 
when solar heat is hot available; 
said comparator means is formed to compare said 
pool water temperature and said radiant temperar 
ture and to produce a logic true signal indicating 
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solar heat is available when said radiant tempera- 
ture is greater than said pool water temperature 
and a lope &foe signal when it is below; 
said comparator means U further formed to. compare 
y»M pool water temperature with both said first 
temperature and said second temperature and to 
produce a logic true signal indicating heat demand 
when said pool water temperature is below either 
said first temperature or said second temperature 
and a logic false signal when it is below; and 
said logic gates are formed and connected to present 
logic true and false signal at said actuating means 
for pump means and said valve means and said 
non-solar heating apparatus depending upon the 
combination of heat demand and solar heat avail- 
able logic signals. 
4* The controller means as defined in claim 3 wherein, 
said pool system includes a swimming pool and a spa; 
said programmable input means includes means for 
producing a^spa mode logic signal and a pool mode 
logic signal, - 
said hydraulic circuit -means and said valve means are 
formed for -selective flow of pool water to and 
from; said swimming pool, said, spa, said solar- M 
. -. water heating apparatus, and said non-solar water . 
heating apparatus; _ 
said temperature level- setting means includes third 
means formed for presetting of a third temperature 
Uu resp o n ding to a desired pool water temp erature 30 
in said spa when said spa is to be used; 

sensing apparatus further includes water temper- 
ature sensing means formed and positioned to sense 
the temperature of pool "water in said spa;, 
said . comparator means Is formed to compare said' 
pool water temperature in said spa with said third 
temperature and to produce a logic true : signal 
indicating spa heat demand when: said pool water 
te mpera ture in said spa is below said third tempera- 
ture and a logic false signal when it is above; 
said comparator means is further formed to c omp are- 
said radiant temperature with said pool water tern- 
perature -m.^said spa and .to produce a logic true 
signal indicating solar heat availability when said 
radiant temperature is above said pool water tem- 
• perature in said spa and a logic false signal when it 
■ is below; and 
said logic gates are formed to present logic signals to 
actuating means . for said valve means and said 
pump, means to provide flow of pool water to a 
selected one of said pool and said spa and a selected 
. one of said solar and said non-solar beating appara- 
tus. ' 

S„ The controller means as defined in claim 4 wherein, 
said comparator means is. provided by five compara- 35 
tors, namely: 

a. a pool solar comparator connected to compare 
pool temperature in said pool with radiant tem- 
perature;- ' 

b. . a Spa solar comparator connected to compare 60 
pool water tem p er a ture in said spa with radiant 
temperature;. 

' c. a pool solar heat demand comparator connected 
to compare pool water temperature in said pool 
■ with -said firs*: te mpe r a ture; 65 
d. a pool non-solar heat demand comparator con- 
nected to compa r e pool water- temperature in 
said pool with said' second temperature; and 
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c a . spa heat demand comparator connected to 
compare pool water temperature in said spa with 
said third temperature, 
6. The controller means as defined in claim 1 wherein* 
said soiar water heating- apparatus includes a drain 
valve formed and positioned for draining of pool 
water therefrom, 
said programmable input means includes temperature 
level setting means formed for presetting a freeze 
protect temperature proximate and above the tem- 
perature at which pool water will freeze; 
freeze protect : comparator means coupled to said 
. . logic circuit and to said temperature sensing means 
and said temperature level setting means* said . 

• freeze protect comparator means, being formed to 
compare at least one. temperature sensed by said 
temperature sensing means with said preset freeze 

• protect temperature and formed to inp ut sa id logic 
circuit with a logic true signal when a temperature 
sensed is below said preset temperature and a logic 
false signal when all sensed temperatures are above 
said preset temperature; and 

said logic circuit is formed upon receipt of a logic 
true input from said comparator to cause said actu- 
ating means to actuate at least one of: ^ 

" (i) said pump means to cause circulation of pool 
- water in said hydraulic circuit means, and . 
: (ii) said drain yalve to cause dr aining of said solar 
water heating apparatus. 

- 7. The. controller means as defined in claim. 6» and 

selection means interposed between said freeze pro- 
tect com p a r ator and said logic circuit and. 

• formed for selected input of logic signals to differ- 
' cnt portions of- said logic circuit to cause a selected 
'one of draining of said solar water heating appara- . 

. tus and circulation of pool water in said hydraulic 

circuit means to occur. 
& The controller means as defined in claim <S wherein* 
•said sensing apparatus includes temperature sensing 

■means formed and positioned to sense both said 

ambient temperature and said pool water tempera* 

ture; and 

selection means Interposed between said sensing : 
means and said freeze protect comparator means 
and formed for input of said freeze protect compar- 
ator means with a selected one of said ambient 
temperature and said pool water temperature; 

9. The controller means as defined in clai m 8, and 
selection means in terp osed between said frtrye pro- 
tect comparator means and said logic circuit and 
formed for selected input of logic signals to differ- 
ent portions, of said logic circuit to cause a selected 
one of draining of said solar water heating appara- 
tus" and circulation of pool water in said hydraulic 
circuit means to occur. " 

10. The controller means as defined , in claim 1 
wherein, 

said sensing apparatus includes pool water presence 
sensing apparatus positioned in said hydraulic cir- 

.' cuit means at a location enabling sensing of the 
return of pool water from said solar water heating 
apparatus to said pool and formed to produce a 
logic true signal when water is returning from said 
solar water heating apparatus and a logic false 
signal where no significant amount of water is 
returning; and ' 

said lope circuit is coupled to said pool water pres- 
ence sensing apparatus and is coupled to actuating 
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means for said valve means, said logic circuit fur- 
ther being formed to cause actuation of said actuat- 
ing means in a manner terminating flow of pool 
•• water to said solar water heating apparatus upon 
receipt of a logic false signal from said pool water 
presence sensing apparatus. 

11. The controller means as defined in claim 10 
wherein,. • 

said logic circuit further Includes a timed startup 
circuit means interposed between said pool water 
presence sensing apparatus and said actuation 
means for said valve means, said timed start-up 
circuit means being formed to produce a logic true 
signal to -. said logic circuit for a predetermined 
period of . time during after actuation of said valve 
means for. flow of pool water to said solar water 
heating apparatus. 

12. The controller rn^na. as defined in claim 11 
wherein, 

said timed s cart-up circuit means is provided by delay 
means and a priority encoder means. 

13. The controller means as defined in claim 1 
wherein, 

said pool system further inc lu des a spa; and ' 
said logic circuit includes preference' selection means 
formed to enable input of logic signals to said logic 
circuit as to preferential heating of pool water in a 
selected one of said pool and said spa, said logic 
circuit being further formed and coupled to said 30 
water temperature sensing means and said solar 
temperature sensing means for heating of pool wa- 
tering one of said pool and said spa depending upon 
the availability of. solar heat and the preference 
logic signal from said pre ference selection means. 35 
14-. The controller means as defined in claim 13, 
wherein, 

said logic circuit is formed for actuation of said solar 
water heating apparatus in preference to said non- 
solar water heating apparatus and automatic actua- 40 
tion of said non-solar water heating apparatus 
when solar heat is not available. 

15. The controller means as denized in claim 14 
wherein, 

said progjrammabte input means includes non-solar 
water heating override means formed to selectively 
enable- said non-solar water heating apparatus to be 
actuated and operated in addition to said solar 
water heating apparatus. 

16. The controller means as defined m claim 15 
wherein, 

■ said non-solar water heating override means includes 
independently operable pool override means for 
heating of said pool and independently operable 
spa override means for heating of said spa. 

17. The controller means as defined in claim 1, 
wherein, 

said logic circuit is formed to cause actuation of said 
solar, water heating apparatus in preference to said ^0 
non-solar water heating apparatus and automatic 
actuation of said non-solar water heating apparatus 
when solar' heat is not available. 

18. . The controller means as defined in claim 1 
wherein, 65 

said logic signals from said sensing apparatus. cause 
temp e r ature based switching of said valve means; 
and 



said . logic signals from said programmable input 
cause time based switching of said valve 
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19. The 
wherein, 

said programmable input means includes a program- 
mable timer., formed- to p roduce time based logic 
signals and connected to said p o r tio n of said .logic 
circuit; and 

said sensing, apparatus and said programmable timer 
are coupled to said portion of said- logic circuit 
through an OR gate means for switching of said 
valve means. 

20. The controller means as defined in. claim 1 
wherem, 

said conditioning apparatus includes- a pool cleaner; 
said hydraulic circuit is coupled to said pool cleaner; 
said ttgaminfi apparatus -includes water presence sens- 
ing apparatus positioned in said hydraulic circuit 
downstream of said pool cleaner; and 
said logic circuit is formed 'to enable pool cleaner 
operation when, said water presence sensing appa- 
ratus senses the presence of pool water. 

21. The controller- means as defined m claim 20 
wherein. 

said pool system includes a pool and a spa; 
said valve means is formed, for selected flow of • 

pumped pool water to said poo] and said spa; 
said pool cleaner is mounted in said pool; and 
said logic circuit is formed to interrupt pool cleaner, 
operation when said valve means is directing pool, 
water to said spa. 

22. The controller means as defined in claim 20 
wherein, 

said logic circuit includes delay means f o iai c d to 
interrupt pool cleaner operation for a predeter- 
mined delay time upon start-up of solar water heat- 
ing. 

* 23. The controller as defined in claim 1 

wherein, 

said pool system includes a pool -and a spar 
said pool related conditioning apparatus further in- 
cludes: . 

(i) a filter pump and filter, 

(ii) a pool cleaner -pnmp and pool cleaner mounted 
in said pool, and 

(iii) hydromassage means mounted in said spa; 
said hydraulic circuit means includes: 

(i) conduit coupled to said filter pump and to 
said pool and said spa for the withdrawal of pool 
water therefrom, 

(ii) intake valve means mounted in said conduit 
means intermediate said Biter pump and said 
pool and said spa and formed for selective with- 
drawal of pool water from said pool and said spa, 

(iii) conduit means coupled to said filter pump and 
. said filter for the flow of pool water to said filter* 

. (tv) conduit means coupled to said Miter and said solar 
water heating apparatus and said non-solar water 
heating apparatus, 

(v) solar valve means mounted in said conduit 
means intermediate said filter and said solar and . 
non-solar water heating apparatus and formed 
for selective flow of pool water to said solar and 
said non-solar water heating: apparatus, 

(vi) conduit means connected to a downstream side 
. of said solar water heating apparatus and an 
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upstream side of said non-solar water heating 
apparatus, 

(vii) conduit -means connected .to a downstream 
side of said' noa*«blar water- heating apparatus 
and connected to said pool and said spa for re- 
turn of pool water thereto,, *. . 

(viii) return valve means mounted in said conduit 
- means mtermedlate said non-solar water heating 
. • apparatus and said pool and said spa and formed 

for selective flow df pool water to said pool arid 
said spa, and 

(ix) said pool cleaner pump being coupled to said 
conduit means bctweerr said return valve means 
and said. pool; 

said 'sensing; apparatus including: ' 

• (i) pool water temperture sensing -apparatus • posi- 

tioned in said .'conduit means intermediate said 

pool and said intake valve. means, 
<it) pool water temperature sensing apparatus posi- 
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spohse to said sensing apparatus, said method compris- 
ing the steps, of: 

sensing the temperature of pool water and the radiant 

temperature proximate said solar water heating 

apparatus; 

comparing the sensed temperatures to at least one 

preset temperature; and 
. actuating one of said solar heating apparatus and said 
~ non-solar heating apparatus in accordance with a 
predetermined logic sequence. 
25. Controller means for a pool system, said pool 
system including a pool and a spa; pool related condi- 
tioning apparatus including heating apparatus; and hy- 
draulic circuit means for the flow of pool water to and 
from said pool, spa and said conditioning apparatus; said 
controller means including a. plurality of sensing .appa- 
ratus formed and positioned to sense conditions in said 
pool system and formed to produce a signal in response 
to said conditions, actuating means formed and coupled 



tioned to sense the temperature ofthe pool: water 20, to said conditioning apparatus for actuation of same, 



in said spa, . 

Crii) radiant heat sensing apparatus positioned prox- 
imate said solar water hearing apparatus, - • 

(iv) water presence. sensing apparatus positioned m 
said conduit means intermediate, said. solar and 
said non-solar water heating apparatus, and 

(vy water, presence sensing apparatus positioned in 
said ; conduit, means mtexmediate .- said pool 
cleaner pump and said pool; 
said actuating means includes: . 

0) an intake valve, driver circuit and intake valve 
' .operator;' '*..*' 
-.00 a filter puinp driver circuit, 
(tfi) a solar valve driver circuit and solar 4 solar valve 
operator, . 

. Qv) a .non-solar water heating apparatus drive cir- 
cuit, 

(v) a return valve drive circuit and return valve 
. . drive o pe i utui . 

(v0 a pool cleaner pump drive circuit, and 
(vn) a hydromassage means drive circuit; and 
said programmable input means includes: 
. (i) temperature setting means for inputting a de- 
. sired pool water temperature; 

(a) in: said, pool with solar heating. 

(b) in said pool with non-solar heating, 

(c) in said spa, and 

(d) in one of said conduit means and Said solar 
. water heating apparatus proximate and above 

the freezing temperature of said pool water, 
(ii) programmable timer means formed for timed 
operation of said filter pump and said pool 
. cleaner-pump and formed for timed operation of 

said intake valve and said return valve; and 
OH) filtration time setting means. 
24» A method for controlling the operation of pool 
related conditioning apparatus in a pool system, said 
.pool system includes a poo!, pool related conditioning 
apparatus including solar heating apparatus and non- 



d programmable input means formed for receipt and 
storage of input and formed to pro duce signal based 
upon said input, and said controller means further being 
formed with circuit means coupled to said sensing appa- 
ratus, said actuating means and said progi ainrnable 
input means for control of the operating parameters of 
said pool system, wherein the improvement in said con- 
troller means comprises* 

said circuit means is provided as a logic circuit 
fonu ed with a plurality of logic gates formed to 
input logic true and logic false signals from said 
sensing .apparatus and from said programmable 
input means to said actuating means only in accor- . 
dance with a predetermined logic sequence, said 
logic circuit being formed to feed back a logic 
signal indicating the mode or pool system opera- 
tion to a beating portion of said logic circuit, said 
heating porti o n of said logic circuit being formed 
with a first set of logic gates which are activated 
when a logic true signal is fed back to said heating 
portion and a second set of logic gates which are 
activated when a logic false signal is fed back to 
said heating portion, said first set of logic gates 
controlling heating of one of said pool and said spa 
and said second set of logic gates controlling heat- 
ing of a remainder of .said pool and said spa. 
26. Controller means for a pool system, said pool 
system including a pool; a pool water filter; pump 
means; and hydraulic circuit means including valve 
SO means for the flow of pool water to and from said pool, 
spa and said filter; said controller means including a 
plurality of sensing apparatus formed and positioned to 
sense conditions in said pool system and formed to pro- 
duce a signal in response to said conditions, actuating 
means formed and coupled to said pump means and said 
valve means for actuation of same, and programmable 
input means formed for receipt and storage" of tune 
sequene input and formed to produce a timing signal 
based upon said input, and said controller means further 



25 



30 



35 



40 



45 



SS 



solar lieating apparatus, a hydraulic circuit coupling at 60 being formed with circuit means coupled to said sensing 
least a portion of said conditioning apparatus to said apparatus, said actuating means and sa id programmable, 
pool, sensing apparatus mounted in said pool system and input means for control of operation of said pump 
formed to sense pool water t empera ture and radiant means and said valve means, wherein the improvement 
temperature proximate said solar water heating appara- in said controller means comprises: 
tua, and controller means w-iiT^i^g temperature level 65. said programmable input means further includes a 
setting means and comparator means coupled to said totalizer, a time setting input means connected to 

sensing apparatus and said conditioning apparatus and said totalizer, and a counter connected to said total- 

formed to actuate said conditioning apparatus in re- izer, said totalizer being further connected to said 
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programmable timer , and formed when enabled by 
a logic true signal from said programmable timer to 

- output a logic true signal whenever the value in 
said counter is less than the value in said time set- 
ting, input means, said totalizer being, coupled to 
said logic circuit to cause actuation of said pump 
means upon output of a logic true signal; 

said logic circuit being further formed to Input said 
counter and increase the value therein during actu- 
ation of said pump means in response to said sens- 
ing apparatus; . 

«<>;h programmable timer being connected to said 
counter to input said counter and increase the' value 
therein during programmed time intervals, an d sai d 
programmable timer being formed and connected 
to said counter and said counter being formed to 
periodically reset said counter to a beginning value 
upon receipt, of a signal from said programmable 
timer. 

27. The controller means as defined in claim 26 and, 
a source formed to generate a timing signal at a con- 
stant-rate and coupled to said logic circuit in ad- 
vance of said counter, said input to said counter 
from said logic circuit and said programmable 
timer both bejng connected through logic gates to 
permit passage of -said .timing signal to said counter 
upon receipt of a logic true signal from either of 
said logic circuit and said programmable timer. 

28. The controller means as defined in claim 26 
wherein. " ': 

said pool system further includes a spa; 

said logic circuit is formed to input said counter with 
a logic true signal upon actuation of said pump 
means when filtering pool water coming from said 
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poor and to input said counter with a logic false 
signal, upon, actuation of said pump means when 
. filtering pool water coming from said. spa, 
29. A method for controlling the operation of pool 
related conditioning apparatus in a pool system, said 
pool System including a pool, pool related conditioning 
apparatus including a filter pump and a pool water 
filter, a hydrauUo circuit coupling said pool to amid filter 
pump and said filter sensing apparatus mounted in said 
pool system and formed to sense temperature, and the 
presence of pool water, and controller means formed 
for input of preset timed intervals for timed operation of 
said filter pump and foim c d for input of a preset total 
time of filter pump operation and coupled to said sens- 
ing apparatus and said filter pump and formed to actuate 
said filter pump m response to said sensing apparatus* 
said method comprising the steps of; 

operating said filter pump in response to temperatures 

sensed by said sensing apparatus; 
operating said filter pump m accordance with said 

input preset timed intervals; 
comparing the total of: 

0) the time of filter pump operation in response to 
t empera tures, sensed, and 
' (ii) the time of filter pump operation in accordance 
with said input preset timed intervals, 
with the input for total time of filter pump operation; 
and 

terminating filter pump' operation by said controller 
means when said total time of temperature sensed 
and interval input operation equals said input of a 
preset total time of filter pump operation. 
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